In order to improve the reliability of line operation and reduce the line disoperation, the electromagnetic coupling between bipolar lines must be studied. Based on the actual parameters of a UHVDC transmission system, this paper establishes a HVDC transmission model by using PSCAD/EMTDC software and builds the DC link in the model into the same-tower electromagnetic coupling model. On this basis, this paper carried out the unipolar line fault simulation under different operation modes of HVDC transmission system, and compared with the line protection action criterion. The experimental results show that when the unipolar line breaks down, the fault line protection can operate reliably and the non-fault pole line cannot move, which proves that the line protection criterion is chosen to meet the engineering requirements. At the same time, the DC transmission system with step-down operation can reduce the inter-Electromagnetic coupling.
INTRODUCTION
UHV DC transmission system bipolar lines set up in the same tower, will produce electromagnetic coupling phenomenon, especially in the case of unipolar lines and lightning strikes, prone to non-fault pole line protection disoperation [1] [2] . After the DC line ground fault occurs, the short-circuit current on the fault pole line increases sharply, and the induced overvoltage generated by electromagnetic coupling on the non-fault pole is also obviously enhanced. Non-fault pole converter station equipment and the corresponding lines will have a greater impact [3] [4] .
In this paper, a power system computer aided designed electric magnetic transient in DC system was used to establish a system simulation model for a ± 800kV UHV transmission project. The system parameters of simulation model are consistent with the actual engineering parameters. ___________________________ At the same time, bipolar line coupling is set in the model to simulate the phenomenon of electromagnetic coupling. The simulation results are compared with the given DC system line protection criterion: to determine if the line protection can operate reliably.
UHVDC TRANSMISSION ENGINEERING PARAMETERS
This paper focuses on the fault of the DC transmission line and the electromagnetic coupling between bipolar lines. This section mainly introduces DC line, tower parameters and line protection.
Line Parameters
A UHVDC transmission project design voltage level of ±800kV, the number of loops back to a single, rated current of 5000A, the line length of 1100kM. DC line used 6XJL1/G3A-1250/70 ACSR, the common bottom line used LBGJ-150-20AC. The parameters of DC transmission line protection are shown in the following table I. 
Tower Parameters
A ±800kV DC transmission system lines of pole 1 and 2 erected in the same tower. Line tower size shown in Figure 1 . Use PSCAD / EMTDC to create a tower model to simulate the actual pole 1 and pole 2 electromagnetic coupling. 
Line Protection Setting
A ±800kV DC transmission line protection is mainly composed of traveling wave distance measurement, sudden change protection and differential protection. Traveling wave distance measurement is the main protection of the entire line protection [5] .
The setting of the line protection is shown in the following Table II . 
UHVDC TRANSMISSION SYSTEM MODEL AND LINE COUPLING MODEL
Taking a ± 800kV HVDC transmission system as the research object, the simulation model of HVDC transmission system is established by using PSCAD/EMTDC software according to its operating parameters. Set up the rectifier side and inverter side of the AC system, calculate the system short-circuit impedance, assuming no exchange between AC and DC systems without exchange, exchange system equivalent calculation. Figure 2 is the structure diagram of system simulation model: Enter the tower parameters in the PSCAD/EMTDC software tower model to simulate the electromagnetic coupling between pole 1 and pole 2 lines. Line coupling model shown in Figure 3 . The AC-DC filter, commutation transformer and AC field constituting DC transmission system will not be described in detail.
THE IMPACT OF LINE FAULTS ON NON-FAULT POLES UNDER DIFFERENT OPERATING MODES
The UHVDC transmission system based on PACAD/EMTDC software to simulate the impact of line faults on the protection of bipolar lines after the line faults. The parameters set in the model are consistent with those of the actual UHVDC transmission system. The line fault is metallic ground, the fault is set at the beginning of pole 1, the fault time is set to 3.0-3.2s and the simulation compensation is 50ms. Whether the line fault protection operates depends on three criteria: du/dt △ △ u and I. Through the research of the fault quantity under different working conditions of the UHV DC transmission system, it is judged whether the line protection can operate correctly. When DC system pole 1 line occurs metal ground, pole 1 DC voltage decreases, the DC current first increases then decreases, the trigger angle and DC current size. It can be seen from the simulation results that due to the electromagnetic coupling between the fault pole and the non-fault pole, the non-fault pole will receive the pole fault of the line after the line fault occurs, and the line DC voltage and current will fluctuate. Line protection action mainly refers to du/dt, ∆u and ∆I. HVDC transmission line failure process changes in the criteria shown in the following figure. It can be seen from the calculation that after the fault occurs, the du/dt value of pole 1 line protection reaches 0.98, ∆u reaches 1.05, and ∆I reaches 0.98. The du/dt of pole 2 line protection reaches 0.15, ∆u reaches 0.52, and ∆I reaches 0.3. According to the line protection criterion in Table 2 , it can be seen that the pole 1 circuit protects reliably and the pole 2 circuit protection does not move. Pole 2 line protection part of the criteria to meet the operating conditions, but the line protection needs three criteria to meet the conditions to move.
DC Transmission System under Normal Operation

Dc Transmission System Under Step-Down Operation
UHV DC bipolar step-down operation, the transmission power of 8000kW, pole 1 occurred instantaneous fault line ground fault time is set to 200ms. DC voltage, DC current and firing angle are shown in figures below. From the simulation result of DC step-down operation and comparison with the line protection criterion of DC system, it can be seen that when the DC system is operated under step-down operation, there is a metal ground fault on the pole 1, the pole 1 circuit protects reliably and the pole 2 circuit protection does not move.
Through the simulation study of line faults under two different DC system operation modes, the transmission capacity of the line has an impact on the protection criterion. Compared with the rated power of DC system, the du/dt, ∆u and ∆I are reduced when the system power is reduced. The non-fault has not touched the threshold of protection action, and the fault can still operate reliably. Therefore, the reduction of transmission line power to a certain extent reduces the non-fault polar electromagnetic coupling.
CONCLUSIONS
This paper presents and discusses the ultimate carrying capacity and local buckling behavior of hot-rolled RHS and SHS stub column. The result shows that the interaction between plates should be considered into formula. The comparison of different codes reveals that EN 1993-1, AISC 360 and GB50017 are conservative or unsafe. Based on the current DSM, a modified DSM formulation then is proposed, which agrees well with the finite element models compared with formulae of codes.
Based on the HVDC model built by PSCAD/EMTDC software, this paper adds the electromagnetic coupling model of the DC link and carries out the simulation of the DC link fault. The protection of the faulty and non-faulty poles in different operation modes is analyzed. Concluded as follow:
1. According to the simulation of line fault in different operation modes and comparison with the criterion of line protection action, it is found that the fault line protection can act reliably and the non-fault very action when the line fault occurs, which verifies that the selection of line protection criterion Correctness.
2. The comparison between the simulation test of the normal operation of the HVDC transmission system and the step-down running simulation shows that after the step-down operation of the line, the electromagnetic coupling effect of the non-fault line is reduced to a certain extent.
